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Attached is a draft step by step protocol for the toxicity testing of larval oysters to see if Discovery
Bay water causes failure of the larvae to settle onto a substrate.  At the end is a draft table of test
conditions and test acceptability criteria to evaluate the results.  I have not been able to find any
agency or organization that has a standard toxicity test protocol or method for this life stage of any
bivalve species.  So some of the test acceptability criteria are speculative at this time.  The exposure
conditions are pretty standard for Pacific oyster, and should work fine as written.
 
After scaling up the sample volumes for the larval oyster deformity standard protocols to account for
the metabolism of the larger larvae to be used in this test, I think we can get away with much smaller
volumes of water than the 5 gallons we were talking about last week.  I’m thinking a 2 liter sample of
water from each location should allow us to easily run eight replicates per test, with plenty of water
left over for a retest (or more replicates per test).
 
I’m anxiously awaiting a call from ASTM with their designation number for this new method. J
 
Best regards,

Burt Shephard
Risk Evaluation Unit
Office of Environmental Review and Assessment (OERA-095)
U.S. Environmental Protection Agency, Region 10
1200 6th Avenue
Seattle, WA  98101

Telephone:  (206) 553-6359
Fax:  (206) 553-0119

e-mail:  Shephard.Burt@epa.gov

"Facts are stubborn things, but statistics are more pliable"
               - Mark Twain
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LARVAL-JUVENILE BIVALVE TEST FOR PACIFIC OYSTER (CRASSOSTREA GIGAS): STEP-BY-STEP SUMMARY

INTRODUCTION

The published standard toxicity tests with Pacific oyster (Crassostrea gigas) are performed starting with larvae aged between 1 – 4 hours post egg fertilization, and measure the proportion of normal vs. abnormal D-shaped veliger larvae after a 24 hour exposure to test solutions.  We are unaware of any toxicity test protocol with a bivalve species that tests contaminant toxicity to free swimming larval oysters as they begin to settle onto a substrate.  The toxicity test protocol described here is intended to evaluate contaminant effects on free swimming larval oysters as they begin to settle onto a solid substrate.  In Pacific oysters, the cessation of the larval planktonic swimming life stage is followed by a crawling behavior where larvae search for a suitable substrate.  Ultimately, if successful, larvae cement themselves in place on a solid substrate.  This cementation is termed settlement.  Prior to cementation, settlement is reversible. The morphogenetic transition from the larval to the juvenile morphology, which normally commences with cementation, is termed metamorphosis and is irreversible. Once cementation has occurred, juvenile oysters are also referred to as spat.

PREPARATION OF TEST SOLUTIONS

A. Normally one determines test concentrations and appropriate dilution water based on either NPDES permit requirements, or the contaminant(s) to be evaluated.  For these initial tests, only ambient Discovery Bay water, process water from Port Discovery Seafarms, and laboratory control water will be tested without modification.

B. Prepare toxicity test solutions by diluting well mixed unfiltered site water using volumetric flasks and pipettes.  Since the purpose of this initial test is to measure toxicity of ambient Discovery Bay surface water, the use of hypersaline brine where necessary to maintain all test solutions at 30 ± 2‰ is unnecessary.  Include brine controls in any future tests that use hypersaline brine to adjust salinity to 30 ± 2‰.

C. Prepare a copper (ASTM) or zinc (FAO) reference toxicant stock solution.  Not needed for this initial test, but should be performed if oysters from different suppliers are evaluated in future tests, or in tests where site water is modified to some degree (e.g. pH modification)

D. Prepare a series copper (or zinc) reference toxicant concentrations.

E. Sample study water and reference toxicant solutions for physical/chemical analysis. Measure salinity, pH and dissolved oxygen from each test concentration.

F. Randomize numbers for test chambers and record the chamber numbers with their respective test concentrations on a randomization data sheet. Store the data sheet safely until after the test samples have been analyzed.  NOTE:  Toxicity test is invalid if the randomization data sheet is lost, as study results cannot be calculated without it.

G. Place test chambers in a water bath or environmental chamber set to maintain water at 20° C and allow temperature to equilibrate.

H. Measure the temperature daily in one random replicate (or separate chamber) of each test concentration. Monitor the temperature of the water bath or environmental chamber continuously.

I. At the end of the test, measure salinity, pH, and dissolved oxygen concentration from each test concentration.



PREPARATION AND ANALYSIS OF EXPOSURE CHAMBERS

A. Determine test concentrations and appropriate dilution water based on NPDES permit requirements, or the contaminant(s) to be evaluated.  For these initial tests, only ambient Discovery Bay water, process water from Port Discovery Seafarms, and laboratory control water will be tested.  Ambient waters will be tested without modification, unless it is necessary to pre-treat exposure water to match conditions used to generate laboratory control water or Port Discovery Seafarms process water (e.g. sterilization, filtration, etc.)

B. Prepare test solutions by using well mixed unfiltered or pre-treated site water, as necessary using volumetric pipettes. Use hypersaline brine where necessary to maintain all test solutions at 30 ± 2‰ (not necessary for initial study).  Include brine controls in future tests that use brine.

C. Sample water samples for physical/chemical analysis. Measure and record salinity, pH and dissolved oxygen from each test concentration.

D. Test chambers are defined as the smallest physical units between which there are no water connections. Chambers should be covered to keep out extraneous contaminants and bacteria and to minimize evaporation of test solution and material.  Tests are conducted in glass chambers that are 50 to 100 mL in capacity. Test chambers contain 30 to 50 mL test water/chamber.

E. For each exposure concentration (or test water in this study), a minimum of eight test chambers per test water are prepared.  More test chambers per test water may be prepared if desired.

F. Randomize numbers for test chambers and record the chamber numbers with their respective source of test water (or beakers to be used solely for water quality monitoring during the toxicity test) on a randomization data sheet. Store the data sheet safely until after the test samples have been analyzed.

G. Place test chambers in a water bath or environmental chamber set to 20° C and allow temperature to equilibrate.

H. Measure the test solution temperature daily in a randomly located blank test chamber. Monitor the temperature of the water bath or environmental chamber continuously if possible.



[bookmark: _GoBack]PREPARATION AND ANALYSIS OF TEST ORGANISMS FOR TOXICITY TEST

A. Obtain test organisms and hold as necessary prior to use in toxicity testing.  Pacific oyster larvae will be obtained from a commercial supplier.  Eyed larvae, which are competent to metamorphose will be shipped damp and cool to the testing laboratory.  Although larvae may be maintained in the damp and cool state for several days, it is desirable to use larvae in toxicity testing as quickly as possible upon receipt. Prior to use in toxicity testing, larvae will be placed in filtered natural sea water (30 ± 2‰ salinity) at 20° C in one liter glass containers and maintained on an algal diet of Isochrysis galbana (80,000 cells/mL). All experiments will be conducted between 1 and 7 days after receipt of larvae.

B. On day of test, remove larvae from the maintenance container using a precision volumetric pipette to an intermediate glass container containing filtered natural sea water (30 ± 2‰ salinity) at 20° C, adjust this larval stock suspension density to 1500-3000 larvae/mL.

C. Maintain an even distribution of larvae throughout the solution in the larval stock suspension glass container by constant gentle stirring of the larvae using a glass rod.

D. Introduce organisms to the eight test chambers per sample (1500-3000 larvae in 1.0 mL of stock) using a precision 0.5 mL volumetric pipette (e.g. Eppendorf).  The concentration of larvae in the test solutions should be between 15 and 30 larvae per mL, although concentrations up to 100 larvae/mL do not impair normal development of Pacific oyster larvae.  Introduction of 0.5 mL of the larval stock suspension into between 30 and 50 mL of test solution will result in an initial larval density of between 15 and 50 larvae/mL.

E. Toxicity test initiation occurs when larvae have been added to all test exposure chambers, and the separate set of test chambers without animals to be used for water chemistry analyses have been prepared.

F. Count all larvae in each of the eight laboratory control test chambers set up for determining mean larval density and variation. Return these to the test for later examination for survival and settlement in the controls.

G. Monitor the condition of the animals in all test chambers daily.  Also, measure water chemistry data for salinity, pH and dissolved oxygen daily.

H. Near the end of the 48-hour exposure period examine several of the controls to determine if development has reached the larval settlement stage. If yes, terminate the test at 48 hours; if no, continue the test for up to an additional 24 hours (maximum total exposure of 72 hours) as required for complete larval metamorphosis.

I. Terminate the test by addition of formalin to each test chamber containing animals.

J. Count the number of live and dead larvae and juveniles (i.e. settled and attached oysters are called juveniles or spat in this procedure) under a dissecting microscope, and record the number of each in each test chamber.

K. Perform final water chemistry analyses for salinity, pH and dissolved oxygen.

L. Statistically analyze the data.

M. If run, include standard reference toxicant point estimate values in the standard quality control charts.






A summary of test conditions and test acceptability criteria is listed in Table 1.



Table 1. Summary of test conditions and test acceptability criteria for Crassostrea gigas, larval-juvenile development test.



		1. Test type:

		Static non-renewal



		2. Salinity:

		30 ± 2‰



		3. Temperature:

		20 ± 1° C



		4. Light quality:

		Ambient laboratory light



		5. Light intensity:

		10-20 µE/m2/s (Ambient laboratory levels)



		6. Photoperiod:

		16 h light, 8 h darkness



		7. Test chamber size:

		50 - 100 mL



		8. Test solution volume:

		30 - 50 mL



		9. No. larvae per chamber:

		150 - 300



		10. No. replicate chambers per concentration:

		8 



		11. Dilution water:

		Uncontaminated 1-μm-filtered natural seawater or hypersaline brine prepared from natural seawater



		12. Test concentrations:

		Effluents: Minimum of 5 and a control

Receiving waters: 100% receiving water and a control



		13. Dilution factor:

		Effluents: x0.5

Receiving waters: None or x0.5



		14. Test duration:

		48 hours (or until complete settlement up to 72 hours)



		15. Endpoint:

		Survival and normal larval settlement



		16. Test acceptability criteria:

		Control survival must be ≥70% for oyster larvae; with ≥70% normal larval settlement in surviving controls; and must achieve a

%MSD of <25%



		17. Sampling requirements:

		One sample collected at test initiation, and preferably used within 24 h of the time it is

removed from the sampling device



		18. Sample volume required:

		2 L per test










